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I 
In the ungerminated seeds of Lupinus albus there is a fat oxidation 
system which becomes active on the addition of a sufficient quantity of 
water (Craig (1936)).  The question arises as to whether this system is 
the first to become activated when germination is begun.  The varia- 
tions of the respiratory quotient with age for a number of seedlings with 
different food reserves, among them being Lupinus luteus, suggest that 
the respiratory quotient is to a certain extent an indication of the rela- 
tive intensifies of utilization of fats and carbohydrates (Stiles and Leach 
(1933)).  Consequently it is desirable to have data for L. albus as to 
oxygen consumption and carbon dioxide production at the beginning 
of germination.  The procedure followed was to make determinations 
with the Warburg microrespirometer on single seedlings chosen from 
groups brought to  successive stages in  germination under identical 
conditions.  It has been found that the respiratory quotient 1 hour 
after putting the seeds to soak in water was 1.00.  The quotient then 
fell to 0.76 in 9 hours, rose to 0.90 at  12, and fell gradually to 0.64  at 
60  hours.  An initial respiratory quotient of unity removes the fat 
oxidation from consideration as the first source of energy, but in view 
of the sharp drop during the first few hours, it is probable that it does 
come into play soon after germination has begun. 
II 
The seeds used in these experiments came from a  strain of Lupinus albus L. 
inbred for 3 years by Dr. A. E. Navez.  Following the method of Tang (1930-31), 
the seeds were germinated by soaking them in water for 12 hotirs, removing the 
testas,  and incubating them in moist boiled maple sawdust at  20  ° in the dark. 
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The 24, 36, 48, and 60 hour seedlings were treated in this manner, but the 6, 9, 
and 12 hour seedlings were soaked in water for those periods and after the removal 
of  the  testas,  placed  directly in the  respirometer vessels.  In  the  case  of  the 
1 hour seedlings, the testas were removed before the seeds were put to soak. 
Oxygen consumption and carbon dioxide production were  measured on  six 
seeds in each age group with the apparatus described by Tang (1931-32).  The 
net pressure change due to both oxygen consumption and carbon dioxide produc- 
tion, with no alkali in the vessel,  was measured at  15 minute intervals for an 
hour; 0.2  ml. of  10 per cent NaOH was then placed in the side arm,  and the 
pressure change due to oxygen consumption alone measured at 15 minute inter- 
vals for an hour.  The pressure change due to carbon dioxide production is the 
difference between the  two 1-hour readings.  The  assumption underlying this 
TABLE  I 
Successive 15 Minute Readings 
9 hr. seedlings 
1  2  3 
11  12  12 
AhO2  10  10  10 
15m  in.  12  12  13 
8  8  9 
4  5  6 
13  12  13 
9  8  9 
13  12  13 
9  8  9 
36 hr. seedlings 
1  2  6 
21  20 
~hOs  22  20 
15m  in.  20  18 
22  20 
3  4  5 
26  26  25 
25  26  25 
25  25  24 
26  27  25 
19 
19 
17 
20 
method is that oxygen consumption continues at the same rate in both periods. 
This is justified to a  certain extent by the small amount of the variation in the 
15 minute readings.  Data from the experiments on the 9 and 36 hour seedlings 
are given in Table I  in terms of millimeters of Brodie solution.  All measure- 
ments were made in the dark at 20  ° 4- 0.05. 
HI 
The average rate of oxygen consumption after the seeds have soaked 
in water 1 hour with the testas removed was 29 ram. 3 per hour per 
seed.  From this point, the rate rose to an average of 246 at 60 hours. 
The rate of carbon dioxide production did not follow closely that of F.  N.  C~G  451 
oxygen consumption, so that there were fluctuations in the respiratory 
quotient.  For the  1 hour seedlings the respiratory quotient had a 
value of 1.0 with an average deviation of 6 per cent.  The value then 
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FIG. I. Large circles  represent respiratory quotients; small circles,  rates of 
oxygen consumption as  ram.  8  per hour per seed.  The barn indicate  the maximum 
deviations from the mean. 
fell  to 0.76 for the 9 hour seedlings.  There was more variation in the 
6 and 9 hour stages and the two values above unity in these two groups 
are not regarded as significant and do not appear in the means plotted 
in the figure.  After a rise to 0.90 at 12 hours, the respiratory quotient 452  RESPIRATORY  QUOTIENT  OF  LUPINUS  ALBUS  SEEDLINGS 
fell again to 0.64 at 60 hours.  The means and limits of variation for 
both oxygen consumption and the respiratory quotient are plotted as 
functions of time from the beginning of soaking, in Fig. 1. 
IV 
As Stiles (1935) has remarked in connection with the respiration of 
the  potato  tuber,  "...  if only sugar or  some other  carbohydrate  is 
utilized, and if this is oxidized completely to carbon dioxide and water, 
and if there is no internal source of oxygen, and if all the carbon dioxide 
produced  escapes  from  the  tissues,  then  the  respiratory  quotient 
should be unity."  The observation of an initial respiratory quotient 
of 1.0 does not prove that these conditions have been satisfied.  Never- 
theless, it is a  good indication that the first substrate utilized in the 
germination of Lupinus albus seeds is a carbohydrate. 
A  comparison of the data on L. luteus  (Stiles and Leach (1933)) and 
L. albus shows that the variations of the respiratory quotient with age 
are of the same type.  The earliest observed values are about unity; 
in the first 12 hours, the respiratory quotient falls and rises again to a 
slightly lower level; for the next 48 hours, it slowly declines.  There is, 
however, a  distinct difference between the two lupines; although the 
values  of  the  respiratory  quotient  nearly  coincide  at  the  onset  of 
germination and at the 12 hour stage, the quotient of L. albus is lower 
than that of L. luteus at other points.  In the 9 and 48 hour stages, the 
respiratory quotients were 0.76 and 0.64 respectively in L. albus and 
0.9 and 0.76 respectively in L. luteus.  Such a result would be expected 
on the theory that the respiratory quotient depends in great part on 
the  relative  intensities of  utilization  of  carbohydrates  and  fats,  for 
according to the data of Guillaume (1923) the fat contents of seeds of 
L. albus and L. luteus are 8.88 per cent and 4.17 per cent respectively. 
In discussing the respiration of germinating seeds it should be re- 
memberedi as Kostychev (1927) points out, that simultaneously with 
oxygen respiration there is also an independent absorption of oxygen 
for other purposes.  For example, McKie  (1931)  has shown that in 
the 8th day of germination of L. luteus seeds, 20 per cent of the nitro- 
gen present in the ungerminated seeds has been converted into aspara- 
gine, which is not  found in  the  ungerminated seeds,  According to 
Palladin (1889), this is formed only in the presence of oxygen, so that F.  N.  cgAIC  453 
utilization of  fat may not  account entirely  for the low  respiratory 
quotient in the later stages. 
SUMM~R¥ 
In  germinating  seedlings of Lupinus  albus, the  initial  respiratory 
quotient was found to be unity.  After a drop to 0.76 at 9 hours, the 
value rose to 0.90 at 12 hours, and then fell to 0.64 at 60 hours.  It is 
improbable  that  the  fat  oxidation  system  is  the  first  to  become 
activated. 
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